This study investigated the differences in apnoea-hypopnoea index (AHI) during rapid eye movement (REM) sleep (AHI-REM) and AHI during non-REM (NREM) sleep (AHI-NREM) in patients with obstructive sleep apnoea (OSA). Nocturnal polysomnography was performed in 102 Japanese OSA patients and their AHI along with a variety of other factors were retrospectively evaluated. Regardless of the severity of AHI, mean apnoea duration was longer and patients' lowest recorded oxygen saturation measured by pulse oximetry was lower during REM sleep than during NREM sleep. Approximately half of the patients (n = 50) had a higher AHI-NREM than AHI-REM. In subjects with AHI ≥ 60 events/h, AHI-NREM was significantly higher than AHI-REM. On multivariate logistic regression, severe AHI ≥ 30 events/h was the only predictor of a higher AHI-NREM than AHI-REM. This may indicate that important, but unknown, factors related to the mechanism responsible for the severity of OSA are operative during NREM sleep.
Introduction
In patients with obstructive sleep apnoea (OSA), the upper airway closes and apnoea occurs repeatedly due to the disruption of two counteracting forces that act upon the walls of the upper airway, namely the activity of the upper airway muscles and the negative intraluminal pressure. It is thought that OSA is usually worse during rapid eye movement (REM) sleep than during non-REM (NREM) sleep. 1 As muscle tone is suppressed during REM sleep, the suppression of tone in the tongue and laryngeal muscles is a major factor that contributes to sleep apnoea. 2 Siddiqui et al., 3 however, reported a higher apnoeahypopnoea index (AHI) during NREM sleep (AHI-NREM) than during REM sleep (AHI-REM) in as many as half of OSA patients. This study aimed to investigate the relationships between AHI and a variety of factors (gender, age, body mass index [BMI], sleep stage, body position changes, oxygen saturation and duration of apnoea) in OSA patients using nocturnal polysomnography. The predictors of higher AHI-NREM than AHI-REM were then determined. Nocturnal polysomnography was performed using the SomnoTrack Ω system (Fukuda Lifetech Co. Ltd, Tokyo, Japan), and airflow was measured using a pressure flow sensor. For the purpose of the analysis, the sleep stage was scored manually according to the criteria of Rechtschaffen and Kales. 5 Obstructive apnoea-hypopnoea events were considered to be those with (i) a clear decrease (> 50%) of respiratory flow from baseline, or (ii) a clear respiratory flow reduction that did not meet the above criterion but was associated with either an oxygen desaturation of > 3% or an arousal, as previously described. 4 This clinical study conformed to the principles outlined by the Declaration of Helsinki and was approved by the Ethics Committee of the Hashimoto Municipal Hospital, Hashimoto, Japan. Patient anonymity was preserved.
Patients and methods

PATIENTS
STATISTICAL ANALYSIS
Quantitative data are reported as mean ± SD. Frequency analysis was performed using Fisher's exact test. Differences between the means of the various factors that were measured in the AHI < 30 events/h group and AHI ≥ 30 events/h group were assessed using Student's t-test. Differences between the means of the factors measured during REM and NREM sleep were assessed using paired t-tests. Odds ratio (OR) and the 95% confidence interval (CI) were estimated using a logistic regression model and were used to measure the strength of the association between the NREM-AHI/REM-AHI ratio and the various factors. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 102 patients (95 males and seven females) were included in the study, with a mean age of 53.0 ± 13.3 years. Their mean BMI was 27.3 ± 4.9 mg/kg 2 ; 63.0% had a BMI ≥ 25 kg/m 2 and 18.0% had a BMI ≥ 30 kg/m 2 .
The mean AHI was 40.7 ± 24.0 (range 11.1 -127.8; median 33.7) events/h. Total REM sleep time as a percentage of total sleep time (%REM) was 15.6 ± 6.0%, the lowest SpO 2 was 76.4 ± 9.7%, the mean apnoea duration was 27.9 ± 6.5 s, and the mean number of position changes per total sleep time was 2.7 ± 2.5 /h. The overall mean AHI-NREM/AHI-REM ratio was 1.16 ± 0.87. Fiftytwo patients (51.0%) had a higher AHI-REM than AHI-NREM, while 50 patients (49.0%) had a higher AHI-NREM than AHI-REM.
There were 59 patients in the severe AHI group (AHI ≥ 30 events/h) and 43 patients in the mild-to-moderate AHI group (AHI < 30 events/h). The BMI was significantly higher in the severe AHI group (28.4 ± 5.6 mg/kg 2 ) than in the mild-to-moderate AHI group (25.9 ± 3.3 mg/kg 2 ; P = 0.0086). The lowest SpO 2 and %REM were significantly lower in the severe AHI group than in the mild-tomoderate AHI group (73.3 ± 10.1% versus 80.8 ± 7.3%; P < 0.0001 and 14.4 ± 5.8% versus 17.2 ± 6.0%; P = 0.0232, respectively).
There were no significant differences in gender, age, number of position changes per total sleep time and mean apnoea duration between the two AHI severity groups.
The lowest SpO 2 , mean apnoea duration, AHI during REM sleep and AHI during NREM sleep were assessed for all subjects, for the mild-to-moderate AHI group, and for the severe AHI group ( Table 1 ). The lowest SpO 2 during REM sleep was significantly lower than that during NREM sleep in all subjects, in the mild-to-moderate AHI group, and in the severe AHI group (P < 0.0001 for each comparison). Mean apnoea duration during REM sleep was significantly longer than during NREM sleep, regardless of AHI severity (P < 0.0001, P = 0.0002 and P < 0.0001 for all subjects, the mild-to-moderate AHI group and the severe AHI group, respectively). Although no significant difference was observed between AHI-REM and AHI-NREM in the total group of subjects, AHI-REM was significantly higher than AHI-NREM in the mild-to-moderate AHI group (P < 0.0001), but was significantly lower than AHI-NREM in the severe AHI group (P = 0.0002). When AHI was divided into six subgroups and plotted against AHI-RHM and AHI-NREM it was found that AHI-REM was significantly higher than AHI-NREM in the mild-to-moderate AHI subgroups (AHI < 20 events/h, P = 0.016; AHI ≥ 20 to < 30 events/h, P = 0.0002). With increasing AHI, the difference between AHI-REM and AHI-NREM disappeared and then reversed, with AHI-NREM being significantly higher than AHI-REM in the severe AHI subgroup (AHI ≥ 60 events/h, P < 0.0001) (Fig. 1) . The variables that were looked at as potential predictors of a higher AHI-NREM than AHI-REM were evaluated using logistic regression analysis ( Table 2) . On univariate analysis, the AHI-NREM/AHI-REM ratio was influenced by BMI, lowest SpO 2 , mean apnoea duration and AHI. The ORs for an AHI-NREM/AHI-REM ratio > 1 were: 2.31 (95% CI 1.01, 5.45; P = 0.047) for BMI ≥ 25 kg/m 2 ; 3.36 (95% CI 1.5, 7.72; P = 0.003) for the lowest SpO 2 being below the median of 78%; 2.33 (95% CI 1.06, 5.25; P = 0.036) for mean apnoea duration being at least the median of 27.0 s); and 5.67 (95% CI 2.43, 14.04; P < 0.0001) for AHI ≥ 30 events/h. On multivariate analysis, AHI ≥ 30 events/h was the only predictor of a higher AHI-NREM than AHI-REM (OR 4.35; 95% CI 1.61, 12.53; P = 0.0047).
Since AHI might be influenced by apnoea duration, the AHI (converted to events/s) × mean apnoea duration (s) for the six AHI subgroups was calculated and the results are shown in Fig. 2 . For cases with AHI < 50 events/h, except for those in the subgroup AHI ≥ 30 to < 40 events/h, AHI × mean 
2: Logistic regression analysis used to identify predictors of a higher apnoea-hypopnoea index non-rapid eye movement sleep (AHI-NREM) than apnoea-hypopnoea index rapid eye movement sleep (AHI-REM) in Japanese patients (n = 102) with obstructive sleep apnoea
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apnoea duration was significantly higher for AHI-REM than AHI-NREM sleep (AHI < 20 events/h, P = 0.003; AHI ≥ 20 to < 30 events/h, P < 0.0001; AHI ≥ 40 to < 50 events/h, P = 0.027). Although not statistically significantly different, the AHI × mean apnoea duration was lower for AHI-REM sleep than AHI-NREM sleep for subjects with an AHI ≥ 60 events/h.
Discussion
OSA syndrome is a common chronic condition in adults, with men having a higher prevalence and severity than women. 6 -8 Its occurrence is also strongly related to obesity. 9 Racial differences also have to be considered, with even mildly obese Japanese individuals frequently developing hypertension and diabetes mellitus. 10 In 1998, the Japanese Society for the Study of Obesity defined obesity for the Japanese population as a BMI ≥ 25 kg/m 2 , a level which the World Health Organization defines merely as being overweight. 10 In addition, it is thought that Japanese people tend to develop OSA easily, even with mild obesity, due to their anatomical maxillofacial feature of a narrow pharyngeal cavity, which is an ethnic characteristic. 11 -14 In the present study, subjects were predominantly male and the BMI in the severe AHI patients was significantly higher than in the mild-tomoderate AHI patients.
It is possible that REM sleep aggravates apnoea. 15 When SpO 2 values for different sleep stages have been compared, REM sleep tended to show the largest changes in SpO 2 and had significantly lower SpO 2 values than NREM sleep. 1, 15 Moreover, the present study showed that the lowest SpO 2 during REM sleep was significantly lower than the lowest SpO 2 during NREM sleep, regardless of AHI severity. Mean apnoea duration was also significantly longer during REM sleep than during NREM sleep, as previously reported. 16 Since upper airway muscle activation and responsiveness to negative pressure are depressed more in REM sleep than in NREM sleep, 17, 18 OSA should be more severe during REM sleep. 6 Furthermore, obesity tends to limit the movement of the diaphragm and this may result in worsening of apnoea-hypopnoea during REM sleep in patients with severe AHI who have a high BMI. It would, therefore, be expected that AHI-REM would be much higher than AHI-NREM in severe AHI patients, however the results of the present study indicate the opposite effect. Overall, reported differences in AHI between REM and NREM sleep have been inconsistent; some researchers have reported no difference, 19, 20 while others have observed higher AHI in REM than in NREM sleep. 8 In the present study, approximately half of the patients (49.0%) had an AHI-NREM that was higher than the AHI-REM. Haba-Rubio et al. 21 reported a high prevalence of REM-related, sleep-disordered breathing, which was defined as an AHI-REM/AHI-NREM ratio > 2, in mild (73.1%) and moderate (47.2%) cases. Penzel et al., 22 in a study of 16 OSA patients with a mean AHI of 48.9 ± 19.2 events/h, reported that collapse of the upper airways was not associated with sleep stage. In the present study, a high value of AHI (≥ 30 events/h) was found to be a better predictor of increased AHI-NREM than AHI-REM.
A large percentage of total sleep time is occupied by NREM sleep, and this might influence the ratio of AHI-NREM to AHI-REM. Logistic regression analysis, however, indicated that %REM did not have an effect on the ratio. Even for the calculation of AHI × mean apnoea duration, subjects with an AHI ≥ 60 events/h had a lower result M Muraki, S Kitaguchi, H Ichihashi et al. Apnoea-hypopnoea index in obstructive sleep apnoea from this calculation during REM sleep than during NREM sleep, although the difference did not reach statistical significance.
In the present study, it was shown that apnoea duration was longer and the lowest SpO 2 was lower during REM sleep than during NREM sleep at each sleep stage, as in previous reports. The frequency of apnoea-hypopnoea differed, however, between mild-to-moderate and severe AHI patients at different sleep stages. In the case of AHI × mean apnoea duration for differing AHI severity, a similar tendency was observed. The finding of a higher AHI-NREM than AHI-REM in severe AHI patients indicates that important unknown mechanisms, which differ from those that are present during REM sleep and that characteristically regulate apnoeahypopnoea during NREM sleep, seem to be present during NREM sleep. Further studies are needed to determine the significance of the different sleep stages, particularly the stage at which apnoea-hypopnoea can become life threatening.
